Optimizing of the spectroscopic features of rare earth (RE) doped inorganic glasses via tuneable growth of metallic nanoparticles (NPs) is demanding in plasmonic based nanophotonics. We report the gold (Au) NPs assisted sizeable enhancements in Er 3+ luminescence in zinc-sodium tellurite glass. Glasses of the form 70TeO 2 -20ZnO-10Na 2 O-(x)Er 2 O 3 -(y)Au (x = 0.0 and 1.0 mol%; y = 0.0-0.6 mol% in excess) are synthesized via melt-quenching method and thoroughly characterized. Au concentration dependent variations in the physical and spectroscopic properties of glasses are determined. XRD data confirms the amorphous nature of all samples. UV-Vis-NIR spectra reveal seven absorption bands corresponding to the transitions from ground state ( 4 I 15/2 ) to 4 I 13/2 , 4 I 11/2 , 4 I 9/2 , 4 F 9/2 , 2 H 11/2 , 4 F 7/2 and 4 F 5/2 excited states of Er 3+ . TEM micrograph manifests the existence of non-spherical Au NPs with average size of 8.6 nm. Prominent surface plasmon band of Au NPs is evidenced around 629 nm. Furthermore, Au NPs display a SPR mediated strong absorption in the visible region. Room temperature visible down-conversion emission (under 425 nm excitation) reveal three significant peaks centred at 532 (moderate green represent 2 H 11/2 → 4 I 15/2 transition), 550 (weak green represent 4 S 3/2 → 4 I 15/2 transition) and 588 nm (strong green represent 4 S 3/2 → 4 I 15/2 transition). Glass containing 0.4 mol% of Au exhibiting the highest luminescence intensity is ascribed to the NPs local field enhancement and energy transfer between RE ions and NPs. Variations in the physical properties of glass are explained in terms of the alteration in structures and ligand interactions with Au NPs present in the glass network. The intense field amplification discerned in the vicinity of Au NPs is attributed to the charge accumulation at the surface of the NPs. Surface plasmon resonance (SPR) of Au NPs and energy transfer (ET) from NPs to Er 3+ ions are primarily attributed for the observed spectral modification. It is established that our glass composition displaying such significant enhancement may be beneficial for the development of up-converted solid state lasers and other plasmonic devices.
INTRODUCTION
Categorically, tellurite glasses bestow some superior characteristics such as low melting temperature, good corrosion resistance, better thermal stability, low phonon energy, wide transmission region (0.36-6.3 μm), high refractive index and desired rare earth concentration in the matrices [1] . Despite high RE-solubility of tellurite glasses the unfavourable high concentration quenching of emission and absorption properties due to energy transfer between RE ions make them limited for device applications [2] . It is acknowledged that, the transitions intensities depend strongly on the nature and structure of chemical environment around Er 3+ ion [3] . However, the introduction of metallic NPs is demonstrated to overcome these shortcomings. It is shown that the incorporation of NPs inside glass matrix triggers enhancement in the material's efficiency either due to ET from the NPs to the RE ions or by influence of the large local field on the RE ions positioned in the vicinity of the NPs [4] .
In this communication, we demonstrate the pure Au NPs assisted improvement of the downconversion luminescence intensity and absorption properties of Er 3+ ions in zinc-sodium tellurite glass. The modifications in the spectral features are understood via the mechanism of ET processes and the intensified local field of Au NPs in the proximity of Er 3+ ions. Their contribution to the enhanced luminescence in the green spectral region that is potential for solid state laser are analysed and discussed.
EXPERIMENTAL
Series of glasses with composition 70TeO 2 -20ZnO-10Na 2 O-(x)Er 2 O 3 -(y)Au (x = 0.0 and 1.0 mol%; y = 0.0, 0.2, 0.4 and 0.6 mol% in excess) are prepared using melt-quenching technique and enlisted in Table 1 together with their codes. A platinum crucible containing the glass constituents is placed in a furnace at 900 °C for 25 min. Upon complete melting, the melt is poured in a preheated brass mould. Subsequently, the sample is transferred to an annealing furnace and kept at 295 °C for 3 hr to remove the thermal and mechanical strains completely that otherwise cause embrittlement. The samples are then cooled down to room temperature. Finally, they are cut and polished for the structural and optical characterizations. The amorphous nature of glass is examined by Bruker D8 Advance XRD diffractometer using Cu-Kα radiations (λ = 1.54 Å) at 40 kV and 100 mA, with scanning angle 2θ ranges between 10 − 80°. The absorption spectra in the range of 400 − 1650 nm are recorded using Shimadzu UV-3101PC scanning spectrophotometer (Kyoto, Japan). Transmission electron microscopic (TEM) imaging is carried out using a Philips CM12 operating at 200 kV with Dock version 3.2 image analyses. The emission measurements are performed via a Perkin Elmer LS-55 photoluminescence (PL) spectrometer (UK) in which a pulsed Xenon lamp operates as a source of excitation. All the measurements are carried out at room temperature. 
RESULTS AND DISCUSSION
Gold NPs concentration dependent physical and optical properties are summarized in Table 2 . The physical and optical properties of our prepared glass samples are determined following the standard modus operandi [5, 6] . The density (ρ) is calculated using the expression,
where W a is weight of the glass sample in air and W b is the weight of the sample when immersed in toluene. The molar volume (V m ) yields,
where M av is the molecular weight of the sample.
Main Tendencies in Applied Materials Science
The refractive index (n) of glass in terms of optical band gap (E opt ) is obtained from the expression, where N A is the Avogadro's number. Table 2 : Au NPs concentration dependent physical and optical properties. Table 2 that an increase in the Au contents from 0-0.6 mol% leads to an increase in the refractive index from 2.384 to 2.430. This behaviour signifies the higher polarizability of glass [7] and reasonable modifications in the glass structure [8] . The reduction of structural compactness due to the occupation of NPs in the free space region of the glass structure [2] is affirmed from the decrease in glass density for 0.4 and 0.6 mol% Au. The enhancement in molar volume is attributed to the elongation in the bond length or an increase in the inter-atomic spacing [5] . The augmentation in molar refraction from 16.289-16.808 cm 3 .mol -1 is proportional to the materials polarizability [6] . The noticeable decrease in band gap energy for direct (from 3.05 to 2.88 eV) and indirect (from 2.87 to 2.63 eV) transitions with addition of Au NPs indicates enhanced disorder and diminished rigidity of glass network [9] . In addition, the increase in Urbach energy from 0.15 to 0.35 eV with the increase of NPs content exemplifies the degree of disorder present in the glasses [10] .
It is vivid from
The typical X-ray diffraction pattern of the glass without Au content ( Fig. 1(a) ) in the presence of a broad hump between 25° − 35° and absence of any sharp crystallization peak confirms the amorphous nature of the sample. The XRD features of sample containing 0.2, 0.4 and 0.6 mol% Au (not shown) are similar. No sharp characteristic peak of Au is evidenced due to its small concentration in samples and finite NPs sizes.
The UV-Vis-NIR absorption spectra of samples as shown in Fig. 1(b In addition, the appearance of a weak peak around 548 nm is assigned to the transition from the ground state to 4 S 3/2 excited state. The weaker intensity of this peak is due to small absorption cross-section and overlap from upper neighbouring level of 2 H 11/2 [11] . The difficulty of precisely detecting and analyzing the occurrence of weak SPR band which can overlap with the strong transitions of Er 3+ is avoided by preparing another samples containing 0.6 mol% of Au without Er 2 O 3 . The clear evidence of intensive SPR absorption band (λ SPR ) around 629 nm in the UV-Vis spectra shown in inset of Fig. 1(b) substantiates the existence of nanosized Au clusters. This absorption band originates from the resonance effects of incident photons with the collective oscillations of conduction electrons called surface plasmon [12] . The TEM image (Fig. 2(a) ) of sample TZNEA0.6 clearly displays the presence of nonspherical Au NPs (black dots) in the glass matrix and the inset illustrates the Gaussian size distribution of Au NPs with average diameter of ~8.6 nm. Fig. 2(b) depicts the excitation spectra of samples TZNEA0.2 and TZNEA0.4 in the wavelength range of 275 − 485 nm. Three peaks centred at 377, 404 and 450 nm associated with the transitions of 4 I 15/2 → 4 G 11/2 , 4 I 15/2 → ( 2 G, 4 F, 2 H) 9/2 and 4 I 15/2 → 4 F 5/2 levels are evidenced. Interestingly, the significant enhancement in the spectral intensity for TZNEA0.4 glass verifies Au NPs SPR mediated contribution to the excitation of Er 3+ ions [13] . However, we found that the excitation under 425 nm is the optimal excitation wavelength for Er 3+ in our glass composition. The excitation around 425 nm gives the finest PL emission spectra if to be compared with excitation at wavelengths of 377, 404 and 450 nm. Therefore, the transition peak centred at 425 nm is selected as the excitation wavelength for emission measurements. 
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Main Tendencies in Applied Materials Science Figure 3 illustrates the room temperature down-conversion emission spectra (under 425 nm excitations wavelength) of all samples without and with Au NPs at different concentration. Inset picture shows the fluorescence spectra of glass containing 0.2 mol% Au (TZNEA0.2) with Gaussian fit. Three green emission bands centred at 532 nm (relatively moderate), 550 nm (weak) and 588 nm (strong) are evidenced. Fig. 3 . PL spectra for all samples (Inset: the de-convoluted spectra of TZNEA0.2 glass). Table 3 summarized the calculated Au NPs concentration dependent maximum enhancement factor for glass samples. The intensity ratio η max = I sample(n) /I reference is determined, where I sample(n) corresponds to the intensity of TZNEA0.2, TZNEA0.4 and TZNEA0.6 glass samples. Meanwhile, I reference is assigned to the intensity of TZNE glass sample. Photoluminescence (PL) intensities are found to significantly enhance up to Au NPs concentration of 0.4 mol% and suddenly quench thereafter. The enhancement of RE luminescence influenced by SPR of metallic NPs is majorly attributed to the local field augmentation. The SPR excitation assisted mechanism is responsible for intensified electromagnetic field around Er 3+ ions that caused the luminescence enhancement [14] . The giant and highly localized electric field (localized SPR) around the Au NPs may greatly enhance the transition yield of RE ions those appear in the vicinity of Au NPs. However, quenching in emission intensity at higher NPs concentration [13] is ascribed to the re-absorption of SPR by NPs having plasmon absorption band range extended over the emission peak position of Er 3+ [9] . Figure 4 depicts the schematics partial energy level diagram of Er 3+ in the vicinity of Au NPs embedded in the zinc-sodium tellurite glass. The laser beam of 425 nm wavelength excites the Er 3+ ions to 4 F 7/2 excited states. The NR decays from 4 F 7/2 to 2 H 11/2 and 4 S 3/2 populate these levels which is responsible for the origin of green emissions. The observed emissions at 532, 550 and 588 nm are primarily attributed to the combined mechanism of ground state absorption (GSA), and co-operative energy transfer (CET) between two Er 3+ ions and the local field effects (LFE) due to Au NPs . 
CONCLUSION
We demonstrate the modifications in physical and spectral characteristics of Er 3+ doped zincsodium tellurite glasses caused by the embedment of Au NPs of varying concentration. These features are found to depend strongly on the alteration of network structure and ligand interactions triggered by Au NPs. TEM images verified the existence of non-spherical Au NPs with average diameter of 8.6 nm revealing narrow Gaussian distribution. The down-conversion fluorescence from Er 3+ consisted of moderate and weak green peaks at 532 and 550 nm accompanied by a relatively strong green peak at 588 nm wavelength. The achieved significant enhancement in the down-conversion luminescence intensity is interpreted through Au NPs mediated SPR effects. The excellent features of the results suggest that our method of tuning the size and shape distribution of NPs by varying the concentration of Au may constitute a basis for stimulating significant enhancement in the spectral features decisive for potential application in photonic devices.
